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INTRODUCTION. 



It has been the aim of the author in 
the preparation of this little book, to 
present the principles of the Electro- 
Magnetic Telegraph, in a brief, concise 
manner, for the benefit of practical ope- 
rators and students of telegraphy. The 
works on telegraphy which have thus far 
been presented, besides being expensive, 
have contained much that is useless, or 
which is not in a form to be readily un- 
derstood by young and inexperienced tel- 
egraphers. Although this little work 
must be acknowledged incomplete, it is 
hoped that it may go far toward supply- 
ing the deficiency which has existed ; or, 
at least, serve as a stepping-stone to the 
study of the more complete works on 
electricity and telegraphy. 

THK AUTHOR. 
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ELECTRICITY AND MAGNETISM. 

Elbctricity. — Positive and Nboatiye. 

The real nature of electricity is un- 
known. It is often spoken of as a -fluid, 
and is said to flow in a current^ but these 
terms may be considered as used more for 
the sake of convenience^ than as indicat- 
ing the real nature of electricity. 

There are two kinds of electricity, or 
it exists in two different states, known as 
positive and negative; and experiment 
shows, that whenever one kind is developed 
that of the opposite kind is always devel- 
oped in an exactly equal quantity. These 
two kinds of electricity are usually desig- 
nated by the signs -h and — . It is a law 
of electricity, that electricities of like sign 
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repel each other , and electricities of unlike 
sign attract each other. 

Conductors and Non-Oonductors. 

Electricity passes through some sub- 
stances easily^ and through others with 
difficulty, or scarcely at all. The first 
class of substances are called conductors, 
the second non-conductors, or insulators. 
Ko absolute division can be made between 
conductors and non-conductors, as the 
property of conduction exists in every 
conceivable degree, from the best conduc- 
tor to the best insulator, or worst conduc- 
tor. In the following list the first named 
substance is the best conductor, and the 
last named the best insulator. 



CJONDUCTORS. 


NON-CONDUCTORS 


Silver, 


Dry wood. 


Copper, 


Porcelain, 


Gold. 


Dry Paper, 


Zinc, 


Silk, 


Platinum, 


Glass, 


Iron, 


Gutta Percha, 


Tin, 


India Rubber, 


Lead. 


Sbeliac, 


Mercury. 


Hard Rubber, 


Acids, 


Paraffine, 


Water, 


Dry Air. 
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Galvanic Batteries. 



Galvanic, or Voltaic electricity is de- 
veloped by chemical action. When two 
plates of metal, of different kinds, as cop- 
per and zinc, for example, are immersed 
in a cup containing an acid, and are con- 



Fig. 1. 




Galyanic Element. 

nected by wires at the top, as represented 
in Pig. 1, a current of electricity will flow 
from the copper to the zinc through the 
wires, and from the zinc to the copper 
through the acid. If the wires connect- 
ing the two metals are separated, the cur- 
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rent of electricity instantly ceases, but 
starts again whenever the wires are con- 
nected. An apparatus for generating 
electricity in this way is called a galvanic 
battery. The copper slip is called the 
positive (+) pole of the battery, and the 
zinc the negative ( — ) pole. The prin- 
cipal kinds of batteries used in operating 
the telegraph will be described hereafter. 

Galvanic Cibcuits. 

The path traversed by the current of a 
battery is called a circuit. The circuit 
of the battery shown in Fig. 1 consists of 
the metals, wires, and the acid through 
which the current of electricity passes. 
It is a law of the electric current that 
there must be a continuous, unbroken cir- 
cuit, by which the current may pass en- 
tirely around from one pole of the battery 
to the other, or no current will start from 
the battery. The smallest break in the 
circuit is sufficient to interrupt the cur- 
rent instantly, but it begins to flow again 
the instant the circuit is again completed. 
The direction of the current through the 
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circuit is always from the positive to the 
negative pole of the battery. 

It may be more correct, however, con- 
sidering tlie electrical force as a currenty 
to say that there are two currents flowing 
in opposite directions, and for convenience 
the positive one only is spoken of as the- 
current. 

Elbctrical Quantity and Intensity. 

A battery may consist of a single cup, 
or cell, or of an indefinite number of cups 
connected together by wires. In con- 
necting them together, the copper, or 
positive pole of the first cup must be con- 
nected by a wire with the negative, pole of 
the second, and the positive pole of the 
second with the negative of the third, 
and so on throughout the series, alwaya 
connecting unlike or opposite poles, be- 
cause, according to the law of attraction 
and repulsion already stated, poles of like 
sign oppose one another, and poles of un- 
like sign attract one another. 

The quantity of electricity generated 
by three cells of battery connected as 
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directed above, is no greater than that 
generated by one cell ; but the intensity 
of the current generated will increase in 
proportion to the number of cells so con- 
nected. Intensity or tension is the force 
which enables the current to push its way 
through a conductor, or to overcome re- 
sistance. 

If two or more cells of battery are 
connected as shown in Fig. 2, with all the 

Fig. 2. 




Galvanic Battery— Quantity Arrangement. 

positive poles connected to one end of the 
wire conductor, and all the negative poles 
connected to the other end, the quantity 
of the current generated will be in pro- 
portion to the number of cells, but the 
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intensity of the current will be no greater 
than that of a single cell. 

The gCDcral principle is, that quantity 
increases with the surface of metal con- 
nected with each pole, whether that sur- 
face is all in one cell, or distributed 
through several cells connected as in 
Fig. 2. The intensity increases with the 
number of elements, or cells, having op- 
posite poles connected, and does not de- 
pend upon the size of the metals used. 
Consequently, large cells evolve a greater 
quantity of current than small ones^ but 
of no greater tension. 

Resistancb. 

Besistance is the opposition which the 
coiiductor, or circuit offers to the passage 
of the current. Thus the best conductor 
offers the least resistance, and the poorest 
conductor the greatest resistance. Re- 
sistance may be considered as the recipro- 
cal of conduction. Besistance is meas- 
ured by Units or Ohms. 

In the case of two conducting wires of 
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the same material, that which presents 
the largest area of cross-section to the 
current offers the least resistance. Thus, 
although copper is a better conductor 
than iron, an iron wire of large size may 
have a lower resistance than a copper wire 
of smaller size. The conducting power of 
s, wire increases, and its resistance de- 
creases, in proportion as the area of its 
section increases. On the other hand, the 
resistance of a conducting wire of a given 
material increases in proportion to its 
length. 

The following table shows the com- 
parative resistance of some of the metals, 
silver being taken as the standard, at 32** 
Fahrenheit. The resistance of metals 
increases with their thermometric heat. 



Silver 


100 


Lead 1202 


Copper 


100 


Brass 420 


Gold 


128 


Platinum 1493 


Iron 


594 


Mercury 5815 
(Jenkin,) 



The approximate average resistance of 
the principal forms and sizes of batteries 
used in telegraphy is as follows : 
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Qrove 0.41 Ohms. 

Carbon 0.63 '' 

Daniell 1.70 " 

{Farmer.) 

Or, measured by units instead of Ohms, 
about as follows : 

Grove 0.5 units. 

Carbon 0.8 " 

Daniell 2.2 " 

Hill or Callaud 3.0 " 

{Brooks.) 

El£CTromotitb Force. 

The power which a cell of battery 
possesses of causing the transfer of its 
current from one place to another is its 
electro-motive force. In other words, the 
electro-motive force of a current is its 
power of overcoming resistance — its en- 
ergy. Electro-motive force may be de- 
fined as tension in a state of motion ; and 
tension, as electro-motive force in a state 
of rest. {Haskina^ Galvanometer.) 

The comparative electro-motive force 
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of batteries is as follows, the Grove bat- 
tery being taken as a standard at 100. 

Grove 100 

Carbon 107 

Daniell 56 

Hill or Callaud 56 

Ohm's Law. 

The amount of the current which 
will pass through a circuit depends, first, 
upon the resistance which the circuit 
offers to the passage of the current, and 
second, upon the intensity of the electro- 
motive force which tends to overcome 
that resistance. The amount of the cur- 
rent may be found, according to Ohm^s 
law, which may be stated thus : 

E represents the electro-motive force, 

R the resistance, and 

C tlie current which will pass through 
the circuLtj thus : 

c -^ 

-1 

or, the cttrrent is equal to the electro-mo- 
iive force divided by the resistance. 



V 
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Mbasurement of Currents. 
Electric currents may be measured by 
an instrument called a galvanometer^ 
one form of which is shown in Fig. 3. 



Pig. 3. 




Galvanometer. 



It consists of a magnetic needle sur- 
rounded by a coil of insulated wire. 
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When a current is passed through the 
coil of wire, its amount is marked by the 
deflection of the needle on the face of a 
dial, the degree of deflection being al- 
ways in proportion to the strength of the 
current. The instrument represented is 
from the manufactory of Charles T. 
Chester, New York. 

Measubembnt of Rssistancb. 

The resistance of a conductor may be 
measured by an instrument called a 
rheostat used in connection with a gal- 
vanometer. Fig. 4 shows a simple and 
convenient form manufactured by Chas. 
T. Chester, New York. Two binding 
screws are provided for placing the in- 
strument in circuit with the conductor 
to be measured, "Four or more slides 
are made to be pulled down ; as they de- 
scend they throw in continuously addi- 
tional resistance. The right hand slide 
adds resistance by tenths of ohms, the 
next one by ohms, the next by ten ohms, 
the left one by hundred ohms.** {Ches- 
tefs Catalogue.) With the slides in 
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the position shown^ the instrument 
marks a resistance of 135.7 Ohms. 




Bheostat. 



The rheostat and galvanometer are put 
in circuit with the conductor whose re- 
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sistance is to be measured, aod the de- 
flection of the needle of the galvanome- 
ter is noted. The conductor to be meas- 
ured is then taken oat of the circuit, and 
as much resistance is thrown in by the 
rheostat as will give the same deflection 
of the needle. The resistance marked 
by the rheostat will, evidently, be equal 
to that of the conductor previously in 
circuit. 

Spbed op the Current. 
The electric current flows through the 
circuit with inconceivable rapidity. The 
measurements made by one experimenter, 
Wheatstone, show a speed of 288,000 
miles per second. Experiments have 
shown, however, that the speed varies 
under different circumstances. With a 
given resistance, the speed increases with 
the electro-motive force. 

Divided Circuits. 
When two or more wires are con- 
nected together in a line, so as to form 
one continuous wire, the resistance of the 
whole circuit will be the sum of the re- 
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sistances of the wires which compose it. 
But if two or more wires are arranged 
side by side, the ends being connected 
with each other, the current is divided 
among the several conductors, and the 
conducting power of the whole is equal 
to the sum of the conducting power of 
the wires which compose it. Consider- 
ing the resistance of the several conduct- 
ing wires as the reciprocal of their con- 
ducting power, the same proposition may 
be stated as follows : 

When the resistance of the wires is 
equal, their joint resistance is equal to 
the resistance of one wire divided by the 
number of wires. 

Thus, two wires having a resistance of 
50 Ohms each, 

— =25 Ohms, joint resistance. 

When the resistance of the two wires 
is unequal, their joint resistance is equal 
to the product of their several resistances 
divided by the sum of their several resist- 
ances. 

Thus, two wires, one having a resist- 



y Google 



24 



ance of 100 Ohms, the other of 200 
Ohms, 

100x200 20000 



100 + 200"" 300 



=66.6+. 



Electro-Magnsts. 



A simple form of electro-magnet is 
shown in Pig. 5. A conducting wire, in- 
sulated by being covered with silk or cot- 




Simple Blectro Magnet. 

ton, 80 that the current must traverse its 
entire length, is wound several times 
around each arm of a U shaped piece of 
soft iron. When a current of electricity 
is passed through the insulated conduct- 
Digitized by LjOOQiC 
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ing wire, the soft iron U instantly be- 
comes magnetized, and attracts an iron 
bar, A, called an armature, which is 
placed near its ends or poles. As soon as 
the current of electricity ceases to pass 
through the wire, the soft iron U is de- 
magnetized and ceases to attract its 
armature. 

Electro-magnets for use in telegraphy 
are made as represented in Fig. 6. Two 




Electro Magnet. 

spools, a b, having soft iron cores, are 
wound with fine silk-insulated copper 
wire, as thread is wound upon a spool. 
The two spools are fixed upon a bar of 
iron, B, called a back armature. A, is 
the armature which is attracted toward 
2 
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the cores or poles, e e, whenever the cur- 
rent passes through the coils of the 
magnet. 

RssiDUAii Maonbtish. 
When the current which passes through 
the coils of an electro-magnet is inter- 
rupted, demagnetization of the soft iron 
cores takes place. If the iron is very 
soft and pure this is effected almost in- 
stantly on the cessation of the current 
through the coils. But if the demagnet- 
ization is not complete, and a small 
amount of magnetism remains in the 
cores after the cessation of the current, it 
is called residual magnetism. A spring 
is therefore attached to the armature of 
the magnet, which overcomes the attrac- 
tion of the residual magnetism, and 
draws the armature away from the poles 
of the magnet. 

Proportion op Elbctro-Magnbts to the 
Circuit. 

It is a law of the electric circuit, that 
the maximum magnetic force is developed 
when the resistance of the coils of the 
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eUctrO'tnagnets ifi circuit is equal to the 
resistance of the other parts of the circuit; 
i. e., the conducting wires and battery. 

For example, if there be two electro- 
magnets in circuit, and the resistance of 
other parts of the circuit, including con- 
ducting wires and battery, is 60 ohms, 
the resistance of the magnets should be 
30 ohms each, as 30x2=60. If there 
are three magnets in the circuit, they 
should each have a resistance of 20 ohms, 
as 20x3=60. 

iNTKNSITr AND QUANTTTY MaGNBTS. 

The magnetic force increases in pro- 
portion to the number of the convolutions 
of wire in the coils of an electro-magnet, 
but it diminishes in proportion as the dis- 
tance of the wire from the cores increases. 
In other words, the convolutions of wire 
which lie nearest the cores influence 
the magnet most powerfully. When, 
therefore, the coils of an electro- magnet 
must be of high resistance in order to 
equal that of the other parts of the cir- 
cuit, they are wound with a great length 
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of fine wire, so that the distance between 
the outer convolutions of the coil and the 
cores of the magnet may be as small as 
possible. Magnets so constructed are 
called intensity magnets. When, on 
the other hand, the resistance of the cir- 
cuit is very light, a shorter length of 
coarser wire is used in the coils of the 
electro- magnet. Such a magnet is called 
a quantity magnet. 



PART II.— THE MORSE TELEGRAPH. 
Fundamental Pkinciple. 

The Morse telegraph system is so called 
from the name of its inventor, Samuel 
P. B. Morse, an American, who con- 
structed the first line between Baltimore 
and Washington in the year 1844. 

Morse's telegraph operates upon the 
principle, that an electro-magnet may be 
alternately magnetized and demagnetized 
by stopping and starting a current of 
electricity, by opening and closing the 
circuit of which the electro-magnet forms 
apart. 

Digitized by LjOOQiC 



29 



Tblegbaph Circuits. 

Fig. 7 represents a telegraph circuit, 
consisting of a line wire stretching from 
the station A to the station B; a hat- 
tery T, an electro-magnet M, and a key 
K, for opening and closing the circuit, 
at each of the stations. To avoid the 
expense of a second wire to complete 
the circuit between the two stations, the 
line wire, after passing through the mag- 
net, key and battery at each end of the 
line, is run to tie ground at G, complet- 
ing the circuit through the earth. Be- 
sides being less expensive, this plan has 
the additional advantage that the resist- 
ance of the circuit completed through the 
earth is less than it would be through a 
return wire, as the resistance of the earth 
is practically nothing. On very short 
lines sometimes a second wire is used, 
which constitutes what is called a metalic 
circuit. 

* When the circuit is closed at A by 
means of the key, K, the current traverses 
the circuit, passing through both electro- 
magnets, M M, causing them to attract 
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their armatures as long as the current 
continaes. When the circuit is again 
opened by the key, the current is inter- 
ruptedy and the electro-magnets release 
their armatures. The effect is the same 
whether the circuit is opened and closed 
by the key at A, or at B. The effect^ 
also, upon the electro-magnet is the same 
whether the key is at the same station 
with the magnet, or at another station 
many miles distant. 

By the original method of operating 
the telegraph, the armature of the mag- 
net at each station was attached to one 
end of a lever having a sharp pointed steel 
style in the other end, which indented a 
strip of paper drawn before it by means 
of clockwork. If the armature was at 
tracted but an instant, the style came in 
contact with the paper only an instant, 
and indented it with a short mark, or dot. 
If the armature was attracted for a longer 
time, the result was a longer mark, or 
dash upon the paper. Thus, it will be 
observed, dots and dashes may be marked 
upon the paper by closing the circuit by 
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the key for a shorter or a longer time. 
If different combinations of dots and 
dashes are used to represent letters^ it is 
evident that a message may be transmit- 
ted by means of the key at one station to 
the electro-magnet at another. 

In more recent practice, the method 
of marking the signs upon paper has been 
superseded by arranging the lever attached 
to the armature in such a way that it will 
give sounds at shorter or longer intervals 
according to the time the circuit is closed. 
These intervals between sounds may be 
considered as representing dots and dash* 
es, and for convenience the terms dot and 
dash are retained. 

Iktermediatb Offices. 

An indefinite number of intermediate 
or way stations may be introduced in the 
circuit between the two terminal stations 
of the line, each station or office being 
provided with its key and magnet. The 
circuit may be opened by a key placed 
at one of these intermediate stations, at 
any point on the line, and the effect upon 
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every magnet in the circuit will be pre- 
cisely the same ; but it is obvious that 
only one key can be operated for opening 
and closing the circuit at the same time. 

The Local Circuit. 

On a circuit as long as a telegraph line 
reaching from city to city, the resistance 
of the long line of wire is so great that 
the current is often weakened to such an 
extent in passing over it, that sufficient 
magnetic force is not developed in the 
electro-magnets to attract their armatures 
with the power necessary to mark paper, 
or give a satisfactory sound to the motions 
of a lever. For this reason, instead of 
placing the magnet of the recording or 
sounding instrument in the main circuit, 
its place is supplied by a relay magnet, M, 
(Fig. 8). The armature of the relay 
magnet is attached to a lever, S, which 
opens and closes the circuit of another 
battery, B, at the point P. This second or 
heal circuit is represented by the dotted 
lines. When the main circuit, or line is 
closed, the relav magnet attracts its 
2* " 
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armature and closes the local circuit, in 
which is placed the recording or sounder 




I 
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magnet G. The lever of the relay mag- 
net is 30 light that a weak current is suf- 
iicient to work it, but the resistance of 
the local circuit, which is composed of 
only a few feet of wire, is so small that 
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nearly the entire force of the local bat- 
tery is effective upon the local magnet. 
It will be noticed that although the local 
circuit depends for its action upon the 
main circuit, the main circuit is entirely 
separate and independent from the local, 
and is not affected in the least by its 
action. 

Qround Wikbs. 

At every intermediate station, a wire 
called a ground wire is run from the 
office to the ground. This wire may be 
connected with the line wire so as to di- 
vide the main circuit into two distinct 
and independent circuits. The uses of 
the ground wire will be explained more 
fully hereafter. 

The Key. 
The key, or sending instrument is rep- 
resented in Fig. 9. It consists of a lever 
of brass, L, about five inches long, which 
is hung on a shaft between two set screws 
on the frame or base B. The key is fas- 
tened to the operating table by two legs, 
E K', which pass through the table and 
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are secured by nuts underneath. The 
circuit is formed through the key by cut- 
ting the wire of the main circuit and con- 
Fig. 9. 




Key. 

necting one of the ends to each of the 
legs. The leg, R', is in direct connection 
with the brass base of the instrument, 
but the other leg, R, is insulated from it 
by being set in a piece of hard rubber, so 
that the circuit is broken at this point and 
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the current cannot pass from R' to B. 
The leg, R, terminates in a platinum 
point, P, and a similar platinum point, 
P, is placed in the lever L. 

When it is desired to complete the cir- 
cuit, the lever is pressed down by the 
pressure of the fingers upon a hard rub- 
ber finger piece, F, bringing the two 
platinum points, P P, in contact, and 
completing the connection between R' 
and R through the lever and platinum 
points. . Whien the pressure upon F is 
released, a spring under the lever re- 
stores it to its former position, separating 
the platinum points, and the circuit is 
broken. 

is a circuit closer, which completes 
the connection and closes the circuit per- 
manently when it is pushed against the 
auvil which forms the top of the leg, R. 
This is always done when the key is not 
in use, for if the circuit through it was 
not completed in this way, the current 
could not flow through the circuit, and 
all the other keys situated in it would be 
useless. The play of the lever, or the 
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distance between the platinum points 
is regulated bj a set screw, D, in the 
end of the lever. Sometimes another 
set screw, S, is provided for regulating 
the tension of the spring under the 
lever. 

The Relay. 

The Eelay consists, as shown in Fig. 
10, of a large intensity electro-magnet, 
supported by a frame of brass on a 
dry hard wood base. The armature of 
the electro-magnet is attached to a lever, 
which plays between two adjustable 
set screws, fixed in the frame of the 
instrument. As this lever acts as a 
key to open and close the local circuit, 
it is provided with a platinum point 
which strikes upon another platinum 
point on the end of the set screw. The 
platinum point of the lever is in electri- 
cal connection, by means of wires beneath 
the base of the instrument, with one of 
the binding posts, and the point in the 
screw, with the other. The wires of 
the local circuit are connected to these 
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binding posts. The coils of the magnet 
are in connection with the binding posts 




behind the coils, to which the main line 
wires are attached, and the magnet put 
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in circuit. The tension of the spring 
which draws the armature and its lever 
back, and opens the local circuit when it 
is not closed by the attraction of the 
magnet, is regulated by an adjustment. 
The distance of the magnet from the 
armature is regulated by another adjust- 
ment, called the ^^back adjustment/' 

The coils of relay magnets are wound 
with very fine wire, usually No. 30 to 
No. 36, and with a resistance varying to 
suit the resistance of the circuit. The 
coils of electro-magnets used in tele- 
graphy are generally covei'ed with hard 
rubber, as a protection to the wire. 

The Soundeb. 

The Sounder, or receiving instrument 
is shown in Fig. 11. It consists simply 
of a small electro- magnet, having a re- 
sistance of from 2 to 4 ohms ; an arma- 
ture and heavy sounding lever, which 
plays between two adjustable set-screws ; 
and the necessary frame-work, of brass, 
mounted upon a base of wood. An adjust- 
ment is provided for regulating the ten- 
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binding posts on the base of the instru- 
ment. 

Fig. 11. 




The Sounder. 



Main Line Sounders. 



When the current of the main circuit 
is sufficiently strong, the local circuit and 
sounder is sometimes dispensed with, and 
the relay is converted into a sounder by 
giving its lever more "play," or motion, 
and thereby increasing its sound. More 
frequently a Main Line Sounder is used. 
This instrument is made in a variety of 
forms, and numerous devices have been 
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employed to increase the sound of the 
lever, which must 'often be operated by 
a comparatively weak main line current 



y Google 



43 



The Box Relay. 

The instrument called the Box Relay 
is so arranged that it may be used ad- 
vantageously either as a relay or as a 
main line sounder. The magnet coils 
are inclosed in a small wooden box 
against which the lever strikes (Fig. 12), 
thus increasing the sound. These in- 
struments, when made with a key upon 
the same base, are convenient porta- 
ble instruments for opening temporary 



CUT-OUTS. 

When a telegraph office is left with no 
one in charge, or during a heavy electric 
storm, the instruments should be discon- 
nected from the line. A " cut out " 
switch is used for this purpose. One of 
the simple forms of cut-out is shown by 
Fig. 13. The line wires entering the 
office are connected to the binding posts, 
L L, and the wires leading to the instru- 
ments are connected to the binding posts 
B B. When the commutators, S S, are 
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so as to connect the binding posts, L L, 
and B B, the circuit is complete between 
the line and the instruments. When 
both commutators are turned upon 0, as 




in the engraving, the current passes across 
from S to S, completing the circuit with- 
out the instruments, which are said to be 
"cutout." 

Another form of cut-out, called the 
plug switch, (Fig. 14) has been extensively 
used. A plug is made of two pieces of 
brass separated and insulated from each 
other by a piece of hard rubber. The in- 
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struments of the office are connected with 
the two sides of this plug by flexible con- 
ducting wires. When the office is to be 




put in circuit, or " cut in," the plug is 
inserted between a pin and a brass spring, 
as shown in the figure. The main line 
wires are attached to the binding posts at 
the top of the switch, one of which is in 
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connection with the pin, and the other 
with the brass spring. It is obvious that as 
the two sides of the plug are insulated 
from each other, the current must pass 
through the office ; but when the plug is 
withdrawn the brass spring presses against 
the pin, closing the main circuit, and leav- 
ing the office entirely disconnected, or 
^cutout." 

The Switch-Board. 

A switch-hoard is generally used in 
offices having two or more wires entering 
them. The most common and simplest 
form is that shown in Pig. 15. The con- 
nections of brass are arranged upon a 
wooden board, as represented. The up- 
right strips, A B C D E F, are provided 
with binding posts at the top, to which 
the line wires are attached. The wires 
leading to the instruments are attached 
to the binding posts, aa' hb' cc', at the 
side of the board. Each one of these 
binding posts is connected, by means of 
wires behind the board, with the row of 
connectors, which stands in a horizon- 
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tal line with it. By turning the con- 
nectors around into a horizontal position 
so as to come in contact with the upright 
strips, it is plain that any line wire may 

Fig. 15. 
A B C D E F 




Switch-Board. 

be connected with any desired instrument 
wire. A little careful study of the switch 
will show that two wires may be crossed 
by means of the connectors, or that any 
desired wire east may be connected with 
anv other wire west of the office. 
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The ground wire is attached to the 
binding post, G, and may be connected 
with any of the line wires by means of 
the connectors which stand in a horizon- 
tal line with it, at the bottom of the 
board. Sometimes, also, extra connectors 
are added at the top of the board, by 
which the wires may be cut out. 

The switch shown in the figure will 
accommodate three wires at a way station, 
or six at a terminal station, where the line 
wires merely pass through the instru- 
ments and thence to ground, instead of 
back through the switch board and on to 
the next station. These switches may be 
made for any desired number of wires. 
The switch-board has, also, been made in 
other forms, employing a spring or plug 
in the place of the connectors, but the 
principle involved is the same in them all. 

Othbb Switches. 

A simple switch called a ground switch 
is used to connect the ground wire with 
the line. Other forms of switches are 
used, and for various purposes, their con- 
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sfcruction being according to the special 
use for which they are intended, but they 
are too numerous to be described within 
the limits of this little book. 

Lightning Arresters. 

The fine wire coils of the relay magnet 
are sometimes burned or injured by at- 
mospheric electricity, which follows the 
wires into the office during the prevalence 
of electric storms. As a protection, light- 
ning arresters are sometimes used. Both 
the line and ground wires are attached to 
the lightning arrester, so that a charge 
of atmospheric electricity entering the 
office by the line wires is carried to the 
ground. The lightning arrester is made 
in several forms, but the principle in- 
volved is much the same in all of them ; 
that is, that atmospheric electricity, being 
of high intensity, will leap a slight break 
in the conductor, or overcome considera- 
ble resistance in order to force its way to 
the ground ; while the galvanic current, 
being of lower intensity, is unable to 
3 
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overcome such resistance and is confined 
to the line. 

One form of arrester is shown in Fig. 




16. Two small brass plates are placed 
upon a third and larger plate, separated 
from it only by a thin sheet of insulating 
material. The two upper plates are put 
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in the circuit of the wires entering the 
oflBce, and the lower plate is connected 
with the ground wire. Any over-charge 
of electricity which may enter the oflBce 
by the line wires, on passing over the 
brass plates forces its way through the in- 
sulating material, by reason of its great 
intensity, and is carried through the 
ground wire to the earth. 

Another form of lightning arrester is 
arranged with pointed screws projecting 
from the line wire plates towards the 
ground wire plate, in such a way that 
there is a very snaall space between the 
plates and the points, over which the 
lightning leaps, making its way to the 
ground. The lightning arrester is some- 
times combined with the cut-out in one 
instrument. 

Loops. 

What is technically termed a " loop '' 
in telegraphy, is a wire branching out 
from the main circuit, running to some 
point and returning again to the line. A 
loop is arranged so that it may be cut 
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out from the line if necessary. A plug 
switch is the most convenient for this 
purpose, the awitch being put in circuit 
at the office where the loop commences^ 
and the wires of the loop attached to 
the plug. 

Arrangement op Offices. 

In the arrangement of offices, the line 
wire entering the office first passes through 
the cut-out switch and lightning-arrester, 
and then through the key and the magnet 
of the relay. It is immaterial which of 
these latter instruments is first in order 
in the circuit, as long as they are all prop- 
erly connected. The circuit, after pass- 
ing through the apparatus, is made com- 
plete to the ground, if it is a terminal 
office; or runs back through the lightning- 
arrester and cut-out, out of the office and 
on toward the next station, if it is a way 
station. The connections of the local cir- 
cuit, which is entirely confined to the 
office, may be understood by reference to 
Fig. 8. 



y Google 



53 

Abrangbment of Batteries. 

Two batteries are generally used on the 
main circuit, one at each end. The 
number of cells in each battery is equal 
under ordinary circumstances, and the 
number will depend upon the length and 
resistance of the circuit. Not only should 
the different cups of each battery be con- 
nected with regard to the law of attrac- 
tion and repulsion, but the batteries at 
each end of the line should be placed 
with opposite poles to the line, in accord- 
ance with the same law. Frequently, 
several wires are worked from the same 
battery on the principle of a "divided 
circuit; " and in this case it is important 
that the wires should equal each other in 
resistance as nearly as possible. 

Repeaters. 
When the length of a telegraph circuit 
renders it of too great resistance to be 
worked satisfactorily, the circuit is divided 
into two or more parts, and a Repeater is 
used. The repeater ** repeats," or trans- 
mits the signals received on one circuit 
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into the other^ much in the same way 
as the relay repeats the signals from 
the main into the local circuit. The re- 
peater must be arranged so as to transmit 

Pig. 17. 




Repeater. 

from either circuit into the other, accord- 
ing to the direction in which the message 
may be going. 

The connections of a simple ** switch 
repeater " are shown in Fig. 17. M and 
M are the relay magnets of the eastern 
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and western circuits respectively; and 
S and S are the sounders of the eastern 
and western circuits ; B and B the main 
line batteries. The local circuits connect 
the sounders with the relays in the ordi- 
nary manner, but the local wires are omit- 
ted in the figure, in order to avoid con- 
fusion of the lines. 

The sounders, S S, are of a peculiar 
construction, their levers being provided 
with platinum points, similar to those 
of a relay. The opposite main circuit 
passes through the lever and platinum 
points of each sounder, so that, as the 
sounder is worked by its relay, it repeats 
the signals through its platinum points 
into the opposite circuit. 

With the switch, K, in the position 
shown in the figure, the two circuits 
work through, not as a repeater, but as a 
single circuit. This may be seen by tra- 
cing the connections in the figure. It 
should be remembered that the wires do 
not touch each other at points where they 
are represented as crossing each other. 
By connecting the ground wire by means 
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of the ground switch, GS, the through 
circuit is divided into two distinct and 
independent circuits. 

When the apparatus is arranged as a 
repeater, the ground wire is also con- 
nected. When the switch, R, is turned 
so as to connect the points W and W, the 
western sounder, S, repeats into the 
eastern circuit. When the switch, R, is 
turned so as to connect the points E and 
E, the reverse operation takes place, and 
the eastern sounder S', repeats into the 
western circuit. The operation may be 
readily understood by carefully tracing 
the connections with the lever, R, in the 
several different positions named. 

It will be noticed that the switch must 
be turned every time the sending changes 
from one circuit to the other. Several 
forms of "automatic repeaters" are in 
use, in which this result is automatic, the 
only attention necessary being in keeping 
the apparatus properly adjusted. 

NoTX.— The illnstratioiiB of inatraments and switches 
used in this book, with the exception of the key. Fig. 9, 
are representations of the excellent machinery mannfac- 
tnred by Chae. T. Chester, 104 Center Street, New York. 
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PART III.— BATTERIES. 
Grove Battery. 

The Grove and the Carbon batteries 
were until within a few years most gen- 

Pig. 18. 




Grove Battery. 

erally used on main telegraph circuits^ 
but have now been almost entirely super- 
seded by the different forms of sulphate 
3* 
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of copper battery hereafter described. 
The Grove ba-ttery consists, as represented 
in Fig. 18, of a glass tumbler, T, about 
3 inches in diameter and 4 inches high ; 
a cylinder of zinc, Z, open at one side ; a 
porous eup, C ; and a strip of platinum, 
P, about ^ an inch wide and 2^^ inches 
long. The zinc cylinder is placed within 
the tumbler, the porous cup within the 
zinc, and the platinum is suspended in the 
porous cup from an arm. A, projecting 
from the zinc of the adjoining cell. The 
platinum is soldered to this arm, and 
reaches nearly to the bottom of the 
porous cup. 

The tumblers are filled with a solution 
of about one part of sulphuric acid to 30 
parts of water, and the porous cups are 
filled with strong nitric acid. The bat- 
tery should be taken apart every night, if 
it is in constant use, and the zincs placed 
in a weak solution of sulphuric acid, and 
in the morning well-rubbed with a brush. 
The acid should be poured out of the 
porous cups and kept in a closed vessel 
until morning. The sulphuric acid solu- 
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tion should be renewed about once or 
twice a week, and a part of the nitric 
acid should be taken from the porous 
cups and replaced by fresh acid every 
morning, in the proportion of about one 
part of fresh acid to ten parts removed. 
The zincs, which constantly waste away 
by the action of the battery, will, ordi- 
narily, last about three months. 

Carbon Battery. 

The Carbon, or Electropoion battery, 
(Fig. 19) consists of a glass tumbler, a 
zinc, a porous cup, and a plate of carbon. 
The parts are of about the same size as 
the corresponding parts of the Grove 
battery. The connections between the 
cells are made by wires, attached to the 
zinc by a binding post, the other end 
being attached to a clamp which is 
screwed to the carbon of the adjoining 
cell. The tumblers are filled with the 
same solution of sulphuric acid which is 
used for the Grove battery, and the 
porous cups are filled with a solution of 
bichromate of potash. 
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The battery should be taken apart once 
in two weeks, the sulphuric acid solution 
renewed, the carbons thoroughly cleaned. 

Fig. 19. 




Carbon Battery. 

and the zincs well brushed. One third 
of the bichromate of potash solution 
should be removed from the porous caps 
by a syringe every morning and replaced 
by new. The zincs of a carbon battery, 
in ordinary service, will last from twelve 
to fifteen months. 
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Amalgamation of Zincs. 

The zincs of batteries sometimes con- 
tain impurities, such as particles of other 
metals, which causes a waste of material 
by eating away the zinc. This is called 
local action, and to prevent it the zincs 
of main batteries are amal-gamated before 
being used. This is done by first plung- 
ing the zincs into dilute sulphuric acid, 
and then placing them in metalic mercury 
for one or two minutes, after which they 
are kept for a little while in a trough of 
clear. water. The zincs in this way ac- 
quire an even coating of the mercury. 
Every morning when a Grove battery is 
renewed the coating of mercury should 
be rubbed evenly over the surfaces of the 
zincs by a brush. The zincs of a carbon 
battery should be re-amalgamated after 
having been used a week or two. 

Daniell Battery. 

The Daniell battery, which has been 
extensively used as a local battery, is 
shown in Fig 20. The jar, J, is of glass 
or earthenware, about 6 inches in diame- 
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ter and 8 inches high. Within the jar is 
placed a cylinder of copper, C, open at 
one side ; within the copper the porous 

Pig. 20. 




Daniell Battery. 

cup, P ; and within the porous cup a rod 
of 2dnc, Z. There is also a perforated 
chamber, or pocket, K, suspended from 
the side of the jar. 
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After the parts have been placed in 
their proper positions,, the battery is 
" charged " as follows: Fill the perforated 
pocket with crystals of sulphate of cop- 
per, (blue vitriol) and fill the jar, to 
within an inch or two of the top, with 
clear water, which dissolves the sulphate 
of copper, forming a solution in the jar. 
Fill the porous cup with clear water. 
The battery must stand for several hours 
on a closed circuit before it will acquire 
its full force. It will start sooner by 
adding a little sulphate of zinc to the 
water in the porous cup. Sulphate of 
copper should be constantly kept in the 
chamber, or pocket, in order to keep up 
the strength of the solution. 

Sulphate of copper is composed of oxide 
of copper and sulphuric acid. It is de- 
composed by the action of the battery, 
the copper being separated from the acid 
and deposited in a scaly crust upon the 
copper cylinder, while the acid passes 
through the porous cup, consuming the 
zinc, and by combining with it, forms 
sulphate of zinc in the porous cup. After 
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the battery has worked ten or fifteen days 
the zincs should be taken out and scraped 
and well brushed ; the thick part of the 
solution, or sediment thrown out of the 
porous cup, leaving only a little of the 
clear solution, and the cup refilled with 
clear water. The blue vitriol solution 
may be used for an indefinite time. If 
the porous cups become cracked, or so 
coated with copper as to fill up their 
pores, they should be replaced by new 
ones. The battery should be kept clean, 
and not allowed to freeze, for when 
frozen the current is weakened, or alto- 
gether suspended. 

Hill Battery. 

The Hill battery is one of the several 
modifications of the Daniell. The copper 
is placed in the bottom of the jar, and 
the zinc suspended from the top. The 
porous cup is dispensed with altogether. 
The sulphate of copper solution is at the 
bottom, and the sulphate of zinc solution 
at the top of the jar, and they are kept 
separate by the difference in their specific 
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gravities. Bafcteries constructed on this 
principle are often called gravity bat- 
teries. 

To start the Hill battery, place the 
parts in position, put from ^ to f of a 
pound of sulphate of copper in the bottom 
of the jar, and fill it with water sufficient 
to cover the top of the zinc. The gravity 
form of battery should be allowed to stand 
quietly, so as to avoid mixing the two 
solutions. As the action of the battery 
constantly dissolves the sulphate of cop- 
per and increases the zinc solution, a little 
of the sulphate of zinc solution may be 
removed from time to time, and crystals 
of sulphate of copper dropped to the bot- 
tom of the jar, care being exercised that 
they do not lodge upon the zinc. 

Other forms of Battery. 

The Oallaud battery, which is much like 
the Hill in form, has also been used to a 
considerable extent. Several other forms 
have been introduced, and some of them 
have given excellent results, but the bat- 
teries described are the most generally 
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used on the main and local telegraph cir- 
cuits in this country. 

Battery Insulators. 

It is extremely desirable that the cups 
of main line batteries should be well 
insulated, not only from the stand on 
which they rest, but also from each other. 
Several good forms of battery insulators 
are in use, differing from each other but 
slightly in their form. They are gener- 
ally of glass and supported by a wooden 
pin which is set in the battery stand. 

The connections and binding posts of 
all batteries, main or local, should be kept 
bright and clean. Especial care should be ta- 
ken not to spill acid upon them. All overflow 
from a battery, and all moisture which may 
gather upon the outsides of the tuniblers 
or insulators, should be carefully wiped off. 



PART IV.— PRACTICAL TELEGRAPHY. 

Alphabet and Numerals. 
The Morse, or dot and dash alphabet 
is as follows : 
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A - 


J - 





s 


— 


B — 


K - 





T 


— 


c .. 


L - 




IT 





D — 


M - 





V 





E - 


N - 


-. 


W 





F .- 


- 


. 


X 





G - 


. — . p . 





Y 


.- -- 


H .. 


Q - 


. — 


Z 


.... 


I . 


R - 


... 


& 


- ,.- 




1 

2 


6 ... 

7 — 


.... 






3 

4 

5 


8 — 

9 - 
— 







The 


following are the punctuation 


marks 


Period 
Comma 
Exclamation 
Interrogation 









Besides these, the 


following 


are 


used to 


a limited extent : 










Semicolon 











Parenthesis 










Paragraph 











Italics 











Quotation 





— 
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ADJUBTMBKT of iNBTRUMEirrS. 

rho proper adjustment of the instru- 
ments is always an important duty, and 
often a difficult one. Under ordinary 
circumstances, an armature should be 
adjusted so that there will be about space 
enough between it and the poles of the 
magnet, to insert a piece of heavy writing 
paper, when the armature is attracted to- 
ward the magnet If the armature touches 
the poles of the magnet it will " stick." 

In stormy weather, which renders the 
insulation of the line defective, the mag- 
net of the relay must be drawn back, by 
means of the adjustment screw, to a 
greater distance from its armature. The 
reason of this is, that the escape of the 
current from the line causes residtcal 
magnetism in the cores of the relay mag- 
net, which must be counteracted by ad- 
justing back the cores. The spring of 
the relay armature must be adjusted to 
suit the strength of the current. In 
stormy weather adjusting is often exceed- 
ingly difficult, and it is sometimes almost 
impossible to keep the relay working. In 
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such cases the key should not be opened 
until the relay is carefully adjusted^ to 
make sure that no other office is using 
the circuit. 

When the key "sticks," or fails to 
break circuit, it is usually caused either 
by the platinum points becoming burned 
and roughened by the passage of the cur- 
rent, or by dirt and dust around the anvil 
and platinum points, which forms a partial 
connection when the circuit is opened. 
The platinum points may be cleaned by a 
piece of heavy writing paper, or fine 
emery paper, or, in an extreme case by a 
very fine file; but much filing of the 
points should be avoided. 

When the relay works properly and the 
sounder does not work, the fault is in the 
local circuit. The cause will generally 
be found in a broken or disconnected 
wire, or in weakness of the local battery. 
All the connections and binding posts in 
an office, especially those of the main cir- 
cuit, should be carefully watched, and 
kept closely and firmly screwed up. The 
lightning arresters should be kept clean^ 
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and always carefully examined after an 
electric storm. 

Testing Telegraph Likes. 

The interruptions which occur in the 
working of telegraph lines are most com- 
monly caused by breaks, escapes, or 
crosses. Trouble is also sometimes caused 
by a loose joint or connection in the cir- 
cuit, or by the escape of the current from 
one wire to another on the same poles 
when they are imperfectly insulated, or 
by a defective ground wire connection. 

Breaxb. 
The most common causes of the break- 
ing of the circuit are a key left open, or 
a broken line wire. When a break occurs 
the relays will all remain " open," and 
the result is a total suspension of business 
upon the circuit. Every operator should 
proceed to test for the break by connect- 
ing the ground wire of his oflSce, first on 
one side of the instruments and then on 
the other. Supposing the break to be 
east of an office, no ^^ circuit" is made 
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when the ground wire is put on west of the 
instruments, but when it is put on east 
of them the circuit of the battery at the 

D- 
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west end of the line is completed through 
the ground wire, and all offices west of the 
ground wire can work with each other. 
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This is made clearer by reference to 
Fig. 21, which represents a line with 
three offices, ABC, with a break at F, 
between B and C, When the ground 
wire at B is put on west of the office the 
break interrupts the circuit, but when it 
is put on east the circuit is complete be- 
tween A and B, showing that the break 
is east of B. In this way, it is evident 
that the fault may be located between 
some two stations. 

ESCAFBS. 

Escapes often occur; in a greater or less 
degree, all along a line, from defective 
insulation, especially during stormy 
weather. When, however, there is an 
escape at any particular point, it may be 
located as follows : The circuit manager 
should call. up the offices in order, begin- 
ning with the one at the farther end of 
the line, and have them open circuit for 
a moment. When the circuit is open be- 
yond the escape a little current will still 
pass over the line, completing its circuit 
through the escape and ground. ' 
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On the line shown in Fig. 22 the es- 
cape is at F. When the key at is open 
there will still bfe a current at A, which 



I 




passes through the escape and ground. 
When the key at B is open this current 
is stopped, locating the escape between 
BandC. 
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Groxjkds. 



The only difference between an escape 
and a ground is, that a ground causes the 
loss of the whole, and an escape of only 
a part of the current. A ground is tested 
for and located in the same way as an 
escape. A ground is often caused by a 
ground wire being carelessly left on in an 
office. 

Crossbs. 

Fig. 23 represents a line with two 
wires, No. 1 and No. 2, which are crossed 
between B and G. To locate the cross 
the circuit manager at A should open No. 
2 as shown, and have open No. 1 and 
send dots on No. 2. These dots will be 
transferred at the cross from No. 2 to No. 
1 and come on No. 1 at A. If, however, 
B opens No. 1 and attempts to send dots 
on No. 2, there is no circuit on either 
wire, as they are both open, one at A and 
the other at B, showing that the cross is 
beyond B. 
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PART v.— CONSTRUCTION OP LINES. 

The improper and imperfect oonstrnc 
tion of telegraph lines is often the cause 
of mnch unnecessary tronble and waste of 
material in working them. It is proposed 
to give, in this chapter, a general idea of 
the proper construction of a line, with 
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such hints as may be of assistance to stu- 
dents and amateurs in the construction 
and equipment of private and short lines. 
The essential parts of a telegraph line 
are the conductors, which form a path 
for the current, and the insulators, which 
confine the current to the conductors and 
prevent its escape to the ground. The 
poles are not essential to the working of a 
line, but serve merely as a support for the 
conductors, which are insulated from 
them at each point of support. 

The Conductors. 

Galvanized iron is most commonly used 
for line wire, as plain iron wire is liable 
to rust, which impairs its conducting 
power. On the best lines the sizes known 
as Nos. 8 and 9 are generally used, but a 
smaller size, as No. 11 or No. 12, will 
answer for short lines. It should be re- 
membered that the smaller the size of the 
wire the less is its conducting power^ and 
consequently, the greater the battery 
power that will be required to work it. 

Great care should be exercised in mak- 
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ing joints or splices, either in the line or 
o£Sce wires. One loose joint often gives 
more resistance than a great length of 
continnons wire. The proper way to 
make a joint is to twist the end of each 
wire several times closely around the other, 
with the several turns of wire at right 
angles to the line. Wires should nevei 
be hooked together and bent back upon 
themselves. 

The Insitlatobs. 

The glass insulator, shown in Pig. 24, 
is the most common form. It is cemented 

Fig. 24. 




with asphaltum to a bracket which is 
spiked to the side of the pole, or to a pin 
which is set in a cross-arm. An improved 
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form of insulator is made to screw upon 
a thread cut on the bracket or pin, 
Fig. 25^ dispensing with the usual method 
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of fastening with cement. The line wire 
is fastened to the insulator by a short 
piece of wire called a tie wire, which is 
passed around a groove in the insulator 
and its ends twisted around the line wire 

Fig. 26. 



on each side. The insulator should never 
be fastened to the bracket by a spike 
driven over it into the pole, nor should 
the edge of the insulator be allowed to 
touch the top edge of the bracket or the 
side of the pole, for this forms a connec- 
tion between the insulator and the pole. 
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causing an escape when the insulator is 
wet. 

Several forms of ^^ suspension insula- 
tors '' have been used. One of the best 
of these is Brooks' Patent Paraffine Insu- 
lator. (Fig. 26.) The line wire is sus- 
pended in a hook set in an insulator of 
glass^ which is encased in a cylindrical 
shell of iron. The shell is set in a hole 
bored in the under side of a cross-arm as 
shown in the figure, or a shank is pro- 
vided which screws into the side of the 
pole. Both these forms of insulator are 
manufactured by Chester, New York. 

Fitting up Offices. 

The line wires usually pass into an 
office directly over a window, and are car- 
ried through insulating tubes of glass on 
hard rubber, called window-tubes. The 
best kind of window tube in use is made 
with a glass head on one end, and is 
passed through the building with this 
head on the inside. The line wire is fas- 
tened to an insulator outside the office, 
near the tube, through which it then 
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passes into the office. Upon the end of 
the wire, which projects through the 
tube from J to J^ an inch, is cut a thread, 
upon which is screwed a binding post, and 
to this the copper office- wire is connected, 
dispensing with the necessity of a splice 
between the line and office wires. 

Copper wire is used within offices. 
No. 16 is the most common size, and it 
is usually insulated by a covering of cot- 
ton or linen. It may be fastened to the 
walls or table whenever desired by small 
wire staples. The arrangement of the 
apparatus and batteries has already been 
explained. Splices in office wires should 
be very carefully and firmly made. 

Ground- WIRE Connections. 

Ground wires should be insulated with 
gutta-percha, or some other material not 
liable to be affected by exposure to the 
weather, and firmly attached to a large 
plate of metal, buried deep enough in the 
ground to be beyond the reach of frost, 
and always in connection with moist 
earth. For a short line a sheet of oop- 
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per or tin having a surface of several 
square feet will make a good ground con- 
nection. The ground wire should be sol- 
dered to the plate, so as to insure a firm 
contact. 

Pbfvatb and Short Lines. 

A short line may be operated much 
more economically and satisfactorily by 
the observance of the proper proportions 
between the conductors, instruments, and 
batteries. The rule of the " Proportion 
of Electro-magnets to the Circuit'* has 
been given in Part I. As it is not often 
convenient to measure the resistance of 
short private lines, the approximate re- 
sistance per mile of galvanized iron line 
wires is given below. If the line is well 
constructed, these figures will approxi- 
mate to the resistance of the line, under 
favorable circumstances. 

No. 8 wire, about 16 Ohms per mile. 
No. 9 *• •* 20 •• " 

No. 10 '- '' 24 -' " 

No. 11 •• - 30 •* '' 

No. 12 '' " 36J " " 
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For an example, suppose a line one and 
one-half miles in length, of No. 10 wire. 
Its resistance by the above figures would 
be 36 ohms. The resistance of the electro- 
magnets should, according to our rule, 
equal that of the line. If there are four 
magnets in circuit they should have a re- 
sistance of 9 ohms each, as 36-r-4=9. 
This gives a resistance of the whole cir- 
cuit as follows : 

Kesistance of Cohductor. ... 36 Ohms. 
'' "4 Magnets, 9 

ohms each . . 36 " 

Total 72 Ohms. 

The internal resistance of a battery 
suflBcient to work a line of so light a re- 
sistance is so small that it need not be 
taken into account Under favorable 
conditions, 4 cells of Daniell, Hill or 
Callaud battery will operate this line 
satisfactorily. 

The comparative strength of current 
with different numbers of cells of battery 
may be calculated by Ohm s Law, given 
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in Part 1, thus ; — the electro-motive force 
of a cell of battery being taken at 56 :•— 

With 2 cells of battery, electro-motive 
force is 112, resistance of circuit is 72 — 
112-T-72=1.65 effective strength of cur- 
rent. 

With 4 cells of battery, electro-motive 
force is 224, resistance of circuit is 72 — 
224-^72=3.11 effective strength of cur- 
rent. 

The resistance of the whole number 
of electro-magnets sfiould be equal to 
the resistance of the rest of the circuit, 
and the resistance of the magnets should 
be equal with respect to each other. Much 
more satisfactory results can be obtained 
in the working of a short line by having 
the magnets made to order of the resis- 
tance required. In most cases relays 
will not be necessary on such a line, but 
the common local sounders, of a high re- 
sistance, may be worked direct by the 
main line current. 

In actual practice better results may 
be obtained by making the resistance of 
electro-magnets somewhat less than that 
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of the other parts of the circuit, making 
allowance for the defective insulation of 
the line, as on poorly insulated lines the 
actual resistance will be considerably re- 
duced during wet weather. 

In calculating the resistance of the 
short lines above considered, the internal 
resistance of the batteries is not taken 
into account. In actual practice this 
should always be considered, and the 
computation may be made by the follow- 
ing formula : 

E. equals the electro-motive force of batteries. 
R. * ' resistance of the line. 

M. ' ' resistance of the magnets. 

B. ' < internal resistance of batteries. 

C. " strength of the current. 
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SUaOESTIONS AND EXERCISES FOR 
LEARNERS. 

It is extremely desirable that a student 
of telegraphy should commence his prac- 
tice under the instruction of a competent 
and thorough operator, but as many stu- 
dents are unable, at first, to obtain such 
instruction, the following suggestions 
may be beneficial to them, until they 
have an opportunity for practice in a 
regular telegraph office. 

An erroneous idea prevails among many 
learners that it is an easy matter to learn 
to *^send," and that it is proficiency in 
"receiving," or "reading by sound," 
only, which is secured by long and dili- 
gent practice. The style of sending of 
different operators varies as much as the 
style of penmanship of different individ- 
uals. If a student learns to send too fast 
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he will certainly acquire a bad style. A 
good rule is, never to let the speed of 
sending exceed the rate at which the 
same student has learned to receive by 
sound. 

The first part of a student's education 
is the memorizing of the Morse alphabet, 
which has been given in another part of 
this book. When the characters have 
been learned, they may be practiced upon 
the key ; but, as it is the opinion of 
experienced instructors that it is better 
not to practice the alphabet in its regular 
order, the letters are given hereafter in 
groups, each one of which forms an exer- 
cise which should be practiced until 
thoroughly mastered before commencing 
the next. 

Attention should be given from the 
first, to the correct position of the hand 
in manipulating the key. Place the hand 
with the first two fingers upon the top of 
the finger piece of the key, with the 
thumb at the side, and partly beneath 
the finger piece. The third and fourth 
fingers should assume much the same 
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position as when holding a pen in writing. 
The arm should rest upon the table at or 
near the elbow, with the wrist entirely 
free from the table. Keep the fingers 
constantly upon the key during manipula- 
tion, grasping the key firmly, but not too 
hard. 

The force imparted to the key should 
be from the wrist, and not from the 
fingers, the wrist always moving in the 
same direction with the lever of the key. 
The pressure should be directly down- 
wards, and not sideways. Let the 
motion be moderately firm, and give the 
lever the full vertical motion, so that the 
downward motion insures a firm contact 
between the platinum points, and the up- 
ward motion the complete breaking of the 
circuit. 

The dots and dashes composing each 
character are separated from each other 
by hreaJes, the different characters ai-e 
separated from each other by spaces, and 
words are separated from each other by a 
still longer space. Correct sending de- 
pends upon the perfect proportion in the 
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length of dots and dashes, breaks and 
spaces, ( 

Practice the following exercises in 
order. Do not leave one until it is 
thoroughly mastered. 

Exercise 1. 
E. I. S. H. P. 

Make the breaks between the dots as 
short as possible, but let the upward mo- 
tion of the key be full and free. 

Exercise 2. 
T. L. M. 



The dash should be three times the 
length of a dot. Make the dashes in M 
of equal length and close together. Do 
not make T too long, or L too short. L 
should be twice the length of T. 

Eicercise 3. 
A. U. V. 
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Exercise 4. 
N D, B. 



Care should be taken to make the let- 
ters in the aboye two exercises compact^ 
and to preserve the proper proportions 
between dots and dashes. 

In the foi^egoing exercises there are 
four classes of letters, as follows : 

First, dots. 

Second, dashes. 

Third, dots followed by dashes. 

Fourth, dashes followed by dots. 

The rest of the exercises include all the 
remaining letters of the alphabet, which 
are combinations of those already given. 

Exercise 5. 
F. X. W. G. 

Q. K. J. 

The following are called the ^^ spaced 
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letters," the *^ space" being just long 
enough to distinguish it from a ^' break." 

Exercise 6. 
0. R & 



C. 



The figures and punctuation marks are 
omitted in the above exercises, as they 
are more difficult than the letters, and it 
is better to practice the easier combina- 
tions until a complete control is gained 
oyer the key. When once the student 
has become master of the key he will have 
no difficulty in forming any character, 
and the figures and punctuation marks 
may be practiced in order, as given in 
another part of this book. 

Fractions are formed by using a dot to 
represent the line between numerator and 
denominator. 

In sending large numbers, a space, 
equal to that used between words, is used 
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to divide them into periods of three fig- 
ures each. 

After having learned thoroughly all 
the Morse characters, commence to prac- 
tice short words, writing slowly and spac- 
ing carefully. 

Particular care should be exercised in 
writing words containing spaced letters. 
The following words present a few exam- 
ples, which will illustrate the difficulty 
of writing words containing a number of 
spaced letters : Ice, Erie, Bice, Cicero, 
Eeceive. 

No forms for commercial and railroad 
messages are here given, as these are 
among the details of telegraph business, 
with which the student should familiarize 
himself by actual practice in a regular 
telegraph office. 



y Google 



IliTDEX. 



Adjustment of Instruments, 68. 

Alphabet — Morse, 67 ; Exercises for practicing, 

89 ; Spaced letters in, 90. 
Amalgamation of 2»incs, 61. 
Armature, 25. 

Arrangement of Batteries, 53. 
Arrangement of Offices, 52. 
Attraction and Repulsion— Law of, 9. 
Automatic Repeaters, 56. 

Batteries — Arrangement of, 53 ; Electro-motive 
force of, 17 ; Galvanic, 11 ; Gravity, 65 ; 
Insulation of, 66 : Local action of, 61 ; Re- 
sistance of, 16 ; Quantity and Intensity 
of, 13. 

Battery — ^Callaud, 65 ; Carbon or Electropoion, 
59 ; Daniell, 61 ; Grove, 57 ; Hill, 64 ; Insu- 
lators for, 66 ; Poles of, 12. 

Battery Zincs — Amalgamation of, 61. 

Box Relay, 43. 

Breaks, 70 ; Testing for, 70. 

Brooks' Paraffine Insulator, 80. 

Oallaud Battery, 65. 
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Carbon Battery, 59; Electro-motive force of, 

18 ; Resistance of, 17. 
Otrouit— Earth 29 ; Law of the, 12 ; Local, 83 ; 

Metallic, 29. ' 
Otrcnlts— Divided, 22; Galvanic, 12; Joint re- 

sistance of, 23. 
Oonduoton — of a telegraph line, 76. 
Oondnoton and NonpOonduotora, 10 ; List 

of, 10. 
Oonatruotion of Iilnea, 75. 
Oroaaes, 74 ; Testing for, 74. 
Onrrent— Direction of, 12 ; Electric, 9 : Speed 

of the, 22. 
Ourrents — Measurement of, 19. 
Out-Out, 43. 

Danlell Battery, 61 ; Electro-motive force of, 

18 ; Resistance of, 17. 
ZMreotion of Current, 12. 
Divided Oiroulta, 22 ; Resistance of, 23. 

Barth Circuit, 29. 

Bleotrlo Currant, 9 ; Direction of, 12 ; measure- 
ment of, 19 ; Speed of, 22. 

Bleotrio Fluid, 9. 

Bleotrical Quantity and Zntansity, 13. 

Bleotiioity, 9 ; Conductors of, 10 ; Galvanic or 
Voltaic, 11 ; Positive and Negative, 9. 

Bloctro-Magnota, 24 ; Intensity and Quantity, 
27 ; Proportion of to Circuit. 26, 84 ; Poles 
of, 26. 
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Bleotro-motive Force, 17 ; of Batteries, 17. 
Zlleotropoion Battery, 59 ; Electro-motive force 

of, 18 ; Resistance of, 17. 
Escapes, 72 ; Testing for, 72. 
Bzercises for Learners, 89. 

Fitting up Offices, 80. 
Fractions — Sending, 91. 

Galvanic Battery, 11. 

Galvanic Batteries, 11, 57. 59, 61, 64, 65. 

Oalvanic Circuits, 12. 

Galvanic Electricity, 11. 

Galvanic Element, 11. 

Galvanometer, 19 ; Measurement by, 22. 

Glass Insulator, 77. 

Gravity Batteries, 65. 

Grounds, 74 ; Testing for, 74. 

Ground Wires, 85 ; Connections of, 81 ; Plates 

for, 82. 
Ground Switch, 48. 
Grove Battery, 57 ; Electro-motive force of, 18 ; 

Resistance of, 17. 

Rill Battery, 64 ; Electro-motive force of, 18 ; 
Resistance of, 17. 

Instnmients — Adjustment of, 68 ; Main line, 41. 
Insulator — Brooks* Patent, 80 ; Glass, 77 ; 
Screw, 78. 
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Insnlaton, 77 ; Battery, 66 ; Suspension, 80. 
Ihtansity— Of Carrents, U; Of Magnets, 38. 
Intennediate Offices, 32. 
Inventor of the Telegraph, 28. 

Joint Resistanoe of Wires, 23. 
Joints in Wires, 77. 

Key, 35 ; Manipalation of, 87 ; Sticking of, 69. 

Iaws of the Onrrent, 9, 12, 18. 

Lessons for Learners, 86. 

Lightning Arresters, 49 ; Care of, 69. 

Lines — Construction of, 75 ; Operation of, 29 ; 

Private and Short, 82 ; Testing of, 70. 
Line Wire— Resistance of, 82 ; Size of, 76. 
Local Action, 61. 
Local Battery, 61. 
Local Circuits, 83 ; Faults in, 69. 
Loops, 51. 

Magnet— Relay, 83. 

Magnets— Electro, 24 ; Armatures of, 25 ; In- 
tensity and Quantity, 27 ; Poles of, 25 ; Pro- 
portion of to Circuits, 26, 88. 

Magnetism— Residual. 26. 

Main Line Sounders, 41. 

Measurement— Of Currents, 19; Of Resist- 
ance, 20. 

Metallic Circuit, 29. 

Morse, 28 ; Telegraph System. 28 ; Alphabet, 67. 
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OffioMH^Arrangement of, 52; Fitting up, 80 

Intermediate, 32 ; Wires in, 81. 
Ohm, 15. 
Ohms Law, 18. 

Plug Switch, 44. 

Poles— Of a Battery, 12 ; Of a Magnet, 25. 

Positive and Negative Blectiicity, 9. 

Private and Short Lines, 82. 

Proportion— Of the parts of the Circuit, 26, 82. 

Quantity- Electrical, 14 ; Batteries, 14 ; Mag 
nets, 28. 

Relay, 88 ; Box, 48. 

Repeaters, 53 ; Automatic, 56 ; Switch, 54. 

Residual Magnetism, 26. 

Resistance, 15 ; Of Batteries, 16 ; Of Line Wires, 

82 ; Measurement of, 20 ; Of Metals, 16 ; Of 

Wires, 15, 23 ; Units of, 15. 

Short Lines, 82. 

Sounder, 40 ; Main Line, 41. 

Spaced Letters, 90. 

Speed of Current, 22. 

Splices, 77. 

Suspension Insulators, 80. 

Switch— Ground, 48 ; Plug, 44 ; Repeater, 54. 

Switches, 48. 

Switch Board, 46. 
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98 INDEX. 

Telegraph — Morse system, 38, Invention of 

the, 28. 
Telegraph Oircuits, 29 ; Testing, 70. 
Tension — Electrical, 14. 
Testing Lines, 70. 

Units of Resistance, 15. 

Velocity of Oorrents, 22. 
Voltaic Electricity, 11. 

Window Tubes, 80. 

Wires— Line, 76 ; Ground, 35 ; Office, 81; Joint 
resistance of, 23; Resistance of, 15 ; mak- 
ing joints in, 77. 
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ELECTBIO LIGHT 

Machine in the World. 

It requires bnt little power to run it; gives a re- 
markably steady light; is easy to manage. We in- 
vite parties interested in elf'ctric lighting to call and 
see our apparatus. 

There are over six hundred of our machines in 
daily use in the largest and best establishments in 
the United States and in Europe. 

Centennial Gold Medal, American Institutei 1876. 

Medal of American Institute, 1877. 

Highest Award and Medal of the Centennial Exhi- 
bition, 1877. 

Medal at Paris Exhibition, 1878. 
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And other Novelties. By George B. Prescott. 
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THE SPEAKING TELEPHONE. 
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MODERN PRACTICE of the electric tel- 

EGBAPH. A Hand-Book for Electricians and 

Operators. By Frank L. Pope. 9th Edition. 8vo, 

cloth. $2 00. 

Since the introduction of the Electric Telegrajph in this 
country, those engaged in its service had, prior to the 
first edition of Mr. Pope*8 excellent hook, been entirely 
dependent upon verbal instruction and practical expert- 
ence for a tnorough technical knowledge of their profes- 
sion. The most of the works accessible to the Xmerican 
Telegrapher were more of a popular rather than of a 
strictly scientific character, or else too elementary to be 
of any use, except to mere beginner«. Of course, before 
the appearance of Mr.- Pope's book, and since, there had 
and have been many foreign works, very excellent in their 
different applications, but all more or less expensive, and 
not suitable in many respect s to American practice. The 
reception which Mr. Pope's book has had since it first 
appeared, and the many editions it has passed through, 
is a certain indication of its having supplied the deficien- 
cy which had existed in this branch of scientific literature, 
besides the warm praise it has had by those who have 
used it, is a sure gnuge of its eminently excellent, prac- 
tical character. Prof. G. W. Hough, in passing an opin- 
ion upon the work, wrote : "There is no other work of 
this kind in the English language that contains in so small 
a compass so much practical information in the applica- 
tion of galvanic electricity to telegraphy. It should be 
in the hands of every one interested in telegiaphy, or the 
use of batteries for other i>urpo8es." And many others 
could be quoted, whose praise would be equally as strong. 

coisrTBisrTs = 

Ohaft>b I. Origin of the Electric Current— Ghdvanic Batter- 
ies. II. Electro-MagnetiBm. III. Telegraphic Circuits. IV. 
The Morse or American Telegraphic Systems. V. Insulation. 
VI. Testing Telegraph Lines. V II. Notes on Telegraphic Con- 
stniction. Vni. Hints to Leafners. IX. Recent Improve- 
ments in Telegraphic Practice. X. Appendix and Kotes. 

f). V^ J^o^tfkqd, PuMi^ef, 

23 Murray & 27 Warren Streets, N. T. 

*** Copies sent free by mail on receipt of price. 
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The OalTanometer and its Uses. A 

Manual for Electricians and Students. By C. H. 
Haskins. Mor., i6mo. $1.50. 

The author has endeavored to present within the 
limits of this volume, in a condensed form, a statojnent 
of electrical laws and rules for measurement, written in 
a plain, brief manner, together with such tables and 
simple formulae as will enable any student, with a little 
practice, to make land line measurements with dispatch 
and accuracy. 

He trusts, also, that it will be valuable to his more 
experienced brethren as a book of reference, obviating 
the necessity of search through the works of different 
authors for what will here be found in a condensed and 
convenient form. 

Considerable matter relative to construction and main- 
tenance of lines, care of battery, etc., which the author 
had prepared, has been omitted in order that the book 
might be confined to the original plan — that of a man- 
ual of measurement. 

The author has no apologies to make for any errors 
of omission or commission. If this effort should stimu- 
late another to the preparation of a more complete work, 
the profession will be benefited thereby and the author 
fully compensated for his labors. 

D. VAN NOSTRAND, Publisher, 

^j Murray and 27 Warren Sis., 
New York. 
*** Copies seat free by mail on receipt of price. 
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Chas. H. Davis and Frank B. Rae. 

Cloth, oblong, 8vo. Price, |i.oo. 

FOttnOM OF COMTBMTS. 

Instruments and Batteries : , 

The Key, 

Relay* 

Sounder. 
Register, 
Daniell Battery, 
Callaud Gravity Battery, 
Leclauche Battery, 
Grove Battery, 
Plate I.— -Simple Horse Terminal Station, 

II — Soimder and R^^ister arranged for one Relay, 
III. — Edison's Button Repeater, 
IV.-Wood's " 
v.— Clark's Repeater, 
VI. -Hicks' 
VII.— Milliken's ** 
VIII — Toyes' 
IX — Grav's Shunt Repeater, 
X.— Haskin's Repeater, 
XI.— Bunnell's " 
XII.— Smith's 

XIII.— Hicks' Automatic Button Repeater, 
XIV.— •• New Automatic '• 

XV.— The Pin and Jack Switch, 
Duplex Telegraph, 
XVI.— Steam's Differential Duplex, 
XVII —The Bridge Duplex, 
XVin.— " " Connections, 

XIX.— D'lnfreviUe Duplex, 
XX.— Haskin's 
XXI.— Smith's 

D. Van Nostrand, Publisher, 

88 KnRsy and 27 Wurzen Btreeti, H. T, 
*^* Copies sent free by mail on receipt of price. 
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Cnlley. A Hand-Book of Practical Telegraphy. By R. S. 
CuUey. Ed. revised and enlarged. London, 1878. 8vo, cloth, 
illustrated |8 00 

D«nyla«« A Manual of Telegraph Construction. The Me- 
chanical Elements of Electric Telegraph Engineering. By 
John Christie Douglas. With Diagrams. Crown 8vo, cloth. 
Xondon, 1875 « $7 50 

Db nioncel* Expose des Applications de TElectricite. Par 
Le Cte. Th. Du Moncel. 3d edition; entierement refondue. 
5 vols. 8vo,cloth. Paris, 1872-8 $2880 

Faraday. Experimental Researches in Electricity. By Mi- 
chael Faraday, D.C.L., F.R.S. Complete in three vols. 8vo, 
cloth 1 20 00 

Fcrgn««n. Electricity. By Rohert M. Ferguson. Edin- 
burgh, 1871. 1 2mo, cloth, illustrated |x 75 



Fontaine. Electric Lighting. A Practical Treatise by Hyp- 

Eslyte Fontaine. Translated from the French by Paget Higgs, 
L.D. 48 Engravings in Tint 8vo, cloth $ 13 00 



Harris and Naad. Rudimentary Magnetism. By Sir W. 
Snow Harris, F.R.S., and Henry M. Noad, Ph D., F.R.S. 
165 Illustrations. i2mo, cloth S2 25 

Jeniiin. Electricity and Magnetism. By Fleeming Jenkin, 
F.R.S. xamo, cloth. London, 1873 | z 50 

Mayer. The Earth, a Great Magnet. By Prof. Alfred M. 
Mayer. i2mo, paper, illustrated. New York. Paper, 25c., 
or in cloth 50c. 

niaxw^ell* A Treatise on Electricity and Magnetism. By 
James Clerk Maxwell. 2 vols., 8vo, cloth. Oxford, 1873. $10 00 

Preece. The Telegraphic Journal and Electrical Review. 
Edited bv W. H. Preece. A Semi-Monthly Periodical, pub- 
lished in London. Subscription price, $4 00 per annum. Vols. 
X to 5, 8vo, cloth, each $5 00 

Prescef t. Electricity and the Electric Telegraph. By George 
B. Pre.scott. Fully illustrated. 8vo, cloth $5 00 

Sabine. The History.and Progress of the Electric Telegraph, 
with Description of some of the Apparatus. By Robert Sa- 
bine, C.E. Second Edition, with additions. New York, 1869. 
i2mo, cloth, illustrated $1 25 

Tiie JLcadini; Telegraph Patents, including Ortgi> 
nal and Re-is.sued Patents of S. F. B. Morse. Fully illustrated 
by Diagrams of all Patents. 8vo, paper ^xoo 

Copies sent free by mail on receipt of price. 
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D. VAN NOSTEAND, 
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NEW YORK. 



WEISBACH. A Manual of Theorbtical Mb- 
CHANicfl. By Julius Weisbaoh, Ph. D. 
Translated by Eokley B. Coxe. A.M., M.E. 
1100 pages and 903 wood-cut illustrations. 
8TO,cl^, $10 00 

PRAHCIS. Lowell Htdbaulio Expbri- 
MENTS— being a Selection from Experi- 
ments on Hydraollo Motors, on the Flow 
oi Water over Weirs, and in open Canals 
of Uniform Bectangidar Section, made at 
l«owell, Mass. By J. B. Francis. Civil £n- 
smeer. Third edition, revised and en- 
larged, with 38 copper-plates, beantifnlly 
engraved, and aboat 100 new pages of 
text ito,cloth, 

RIRKWOOD, On the Filtration of Biveji 



15 00 



WATBRS^or the Suppbr of Cities, as prao- 
tlsed In Europe. By James P. Kirkwood. 
ninstratedby 80 doable-plate engravings. 
4to,clotti 



15 00 
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D. VAN NOSTRAND'S PUBUCATIOHB. 
FAHNING. A PRACTICAL TREATISE OF WATBR 

SnpPLT Engin BERING. Belatlng to the 
Hydrology. Hydrodynamics, and Prao- 
tical Constniotion of Water-Works, in 
North America, With numerous Tahlea 
and 180 illustrations. By T. T. Fanning, 
C.E. 650 pages. 8T0, cloth extra, . 96 0§ 

WHIPPLE. An Elementary Treatise on 
Bridge Building. By 8. Whipple, C. B. 
New Edition Illustrated. 8yu, oloth, 4 0§ 

MBRRILL Iron Truss Bridges for Rail- 
roads. The Method of Calculating Strains 
in Trusses, with a careful comparison ot 
the most prominent Trusses, in referenoe 
to economy in combination, etc., etc. By 
Bvt. Col. WlUlam E. Merrill, U. 8. A., Corps 
of Enj^iDeers. Nine lithographed plates 
of illustrations. Third edition. 4to, 
cloth 5 00 

SHREVE. A Treatise on the Strength of 
Bridges AND Roofs. Comprising the de- 
termination of Algebraic formmas for 
Strains ir. Horizontal, Inclined or Rafter, 
Triangular, Bowstring Lenticular ana 
other Trusses, from nxed and moving 
loads, with practical applications and ex- 
amples, for the use of Students and En- 
gineers By Samuel H. Shreve. A. M., 
Civil Engineer. Second edition, 87 woodr 
cut illustrations. 8vo, cloth, . . . 00 

KANSAS CITY BRIDGE. With an Account OF 
THE Regimen of the Missouri Rivbr,— 
aiid A description of the Methods used for 
Founding in that River. By O. Clianiite, 
Chief Engineer, and Geor^'e Morisou, As- , 
sistant Engineer. Illustnited with five 
lithographic views and twelve plates of 
plans. 4to, cloth, . 6 00 
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CLARKE. Dbsgbiftiok of the Iron Railway 
Bridge Acroas the Mississippi River at 
Qainoy, Illinois. By Thomas Curtis Clarke, 
Chief JBiuineer. with twenty-one lltho- 
graphed Plans. 4to, oloth, $7 50 

ROEBUHG. Jjosa and Short Span Railway 
Bridges. By John A. Roebling, C. £. 
With large copperplate engrayings of 
plana and views. Imperial folio, doth, . 25 00 

DUBOIS. The New Method of Qraphical 
Statics. By A. J. Dubois, C. E., Ph. D. 
00 illustrations. 8vo, cloth 2 00 

IDDY. New Constructions in Qraphical 
Statics. By Prof. Henry B. Bddy, C. E 
Ph. D. Illustrated by ten engravings in 
text, and nine folding plates. 8vo, cloth, 1 10 

BOW. A Treatise un Bracing— with its ap- 
plication to Bridges and other Structures 
of Wood or Iron. By Robert Henry Bow, 
C.E. 156 illustrations on stone. 8vo, cloth, 150 

fTOHBY. The Thborv of Strains m Qirdkks 
—and Similar 8tructure»— with Observa- 
tions on the Application of Theory to 
Practice, and Tables of Strength and other 
Properties of Materials. By Bindon B. 
Stoney, B. A. New and Revised Edition, 
with numerous illustrations. Royal 8vo, 
M4pp.,cloth 12 50 

HRIRICI. Skeleton Structures, especially in 
their Application to the building of Steel 
and Iron Bridges. By Olaus HenricL 8vo, 
cloth, 1 50 

KIHG. Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, 
Ac, i^kC:, for Young Engineers. By the late 
W. R- King, U. 8. N., revised by Chief- 
Engineer J. W. King, U. S. Navy. 19th ^ ^ 
edlUou. 8VO, cloth, • 8 Ot 
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I>. VAN KOSTRAND'B PUBLUJATIONS. 
AUCHmCUMS. APPUCATION OF THh 8L1DB 

Valvb and link Motion to Btationaiy, 
Portable, Locomotive and Marine Engines. 
By William 8 AuohinoloM. Designed as 
a hand-book for Mechanical Engineers. 
With 87 wood-cuts and 31 Uthograptaic 
plates, with copper-plate engraving oftiia 
Travel Scale. Sixth edition. 8vo, cloth, $$00 

BURGH. MoD£RM Marine Emoihebrino, ap> 
plied to Paddle and Screw Propnlsion. 
ronslBting of 8ft Colored Plates, afi9 Practi- 
cal Wood-cut Illustrations, and 408 pages of 
I>e6criptive Matter, the whole being an ex* 
position ot the present practice of the fol- 
lowing Anns: Messrs J. Penn ^ Sons; 
Messrs. Maudslay, Sons A Field: M^rs. 
James Watt A Co. ; Messrs. J. A G. Ben- 
nle. Messrs. R. Napier A Sons- Messrs J. 
A W. Dudgeon: Messrs. RavenhiU A 
Hodgson- Messm Humphreys & Tenant; 
Mr J. T. Spencer, and Sfessrs. Forrester 
A Co. ByN P. Burgh. Engiteer. One 
thick 4to vol., cloth, f25 00; half moxoooo, 80 00 

BACOH. A Treatise on tu b Ru h ard's Stbam- 
Enoinb Indicator — with directions for 
its use. By Charles T. Porter. Revised, 
with notes and large additions as devel- 
oped by American Practice; with an Ap- 
pendix containing useful formulfe and 
rules for Engineers. By F W. Bacon, M. 
E. lllastrated Second edition. Umo. 
Cloth 11.00; morocco, IW 

ISHERWOOD ENaiNEERiNO Precedents fob 
STEAM Machinery. By B. F. Isherwood, 
Chief Encrineer, U. S. Navy With Ulua^ ^ ^ 
trations. two vols, in one. Svo, cloth, 8 BQ 

snUMAB. The Steam Enoinb Indicator 
—and the Improved Manometer Steam 
and Vacuum (langes— their ntlUty and ap- 
plication. ByPaalStUlman. New edition. 
I2mo»cloth, ' . A 00 
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MaeCORD. A Practical Treatisb on thk 
BuDB Valvb. by Eccentrics— examioJnff 
bymetbods the action of the Eocentrio 
upon the Slide Valve, and explaining^ the 
practical prooesaes of laying out the inoY&- 
ments, adapting the valve lor Its various 
duties In the steam-engine. By O. W. Mao 
Cord, A. Mm Professor of Mechanical 
Drawing, Stevens' Institute of Technol- 
Hoboken, N. J. Illustrated. 4to, 
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$8 00 



PORTER. A Treatise on tiib Richards' 
Bteam-Enoinb Indicator, and the Devel- 
opment, and Application of Force in the 
8team-£ngine. By Charles T. Porter. 
Third edition, revised and enlarged. Il- 
lustrated. 8vo, cloth, . . 8 50 

HcCULLOCH A Treatise on the H^^ani- 
CAL Theory of Heat, and its Applica- 
tions to THE Steam-Enoine. By Prof. 
B. 8. McCulIoch, of the Washington and 
Lee University, Lexington. Wk* 8vo, 
cloth 8 50 

VAN BUREN. Intestioations op Forho- 
LAS— for the Strength of the Iron parts of 
Steam Machinery. By J. D. Van Buren, 
Jr.. C. E. Illustrated. 8vo, cloth. 2 00 

STUART. How to Become a Successful En- 
gineer. Being Hints to Youths intending 
to adopt the Profession. By Bernard 
Stuart, Engineer Sixth edition l8mo, 
boards, 50 

SHIELDS A Tbbatisb on Engineering Con- 
struction. Embracing Discussions of 
the Principles involved, and Descriptions 
of the Material employed in Tunneling, 
Bridging. Caual ana Road Building, eto., 
etc. By J. E. Shields, C. £. ISmo. 
cloth, 1 00 
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WEYRAUCH. Strength and Caix;ulation of 
Dimensions of Ibon and Steel Con- 
structions. Translftted 11*001 the German 
of J. J. Weyrauch, Ph. D., with four fold- ^ 
iDK Plates. 12mo, cloth, . . $1 00 

STUART. The Naval Dry Docks of the 
United States. By Charles B. Stuart, 
£iiglneer In Chief, U. S. Navy. Twenty- 
four euffravlDgs on steel. Fourth edition. 
4to, cloth, . . 6 00 

COLUHS. The Private Book of Useful Al- 
loys, and Memoranda for Goldsmiths, 
Jewellers, etc. By James £. Collins. 
18mo, flexible cloth, 60 

TUNHER. A Treatise ON BoLL-TuRNiNO for 
THE Manufacture of Iron. By Peter Tun- 
ner Translated by John B. Pearse. 
With numerous wood-outs, 8vo, and a 
folio Atlas of 10 lithographed plates of 
Rolls, Measurements, Ac Cloth, . . 10 00 

GRUIER. The Manufacture of Steel. By 
M. L. Qniner. Translated from the 
French, by Lenox Smith, A.M., £.M. ; 
with an Appendix on the Bessemer Pro- 
cess in the Uuiteil States, by the transla- 
tor. lUustratod by lithographed drawings 
and wood-cuts. 8vo, doth, . . . . 8 50 

BARBA. The Use of Steel in Construction. 
Methods of Working, Applying, and Test- 
ing Plates and Bars. By j. Barba. Trans- 
lated from the French, with a Preface by 
A.L.Holley,P.B. Illustrated. l2mo, cloth, 1 50 

BELL Chemical Phenomena of Iron 
Shbltino. An Experimental and Practi- 
cal Examination of the Circumstances 
which Determine the Capacity of the Blast 
Furnace, the Temperature of the Air, and 
the Proper Condition of the Materials to 
be operated upon. By I. Lowthian BeU. 
8vo, cloth, . . . 6 00 
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WARD. Steam FOR THE Million. A Popular 
Treatise on Steam and its Application to 
the Useful Arts, especially to KavigatioiL 
ByJ. H.WardyOommander U. B^sayy. 
8Y0, cloth $1 00 

CLARK. A Manual of Rules, Tables and 
Data for Mechanical Engineers. 
Based on the most recent investigations. 
By Dan. Kinnear Clarlc. Illustrated with 
numerous diagrams. 1013 pages. 8to. 
Cloth, $7 50; half morocco 10 00 

JOYNSOW. The Metals Used in Construc- 
tion : Iron, Steel, Bessemer Metals, etc. 
By F. H. Joynson. Illustrated. l2mo. 
cloth, 75 

DODD. Dictionary of Manufactures. Min- 
ing, Machinery, and the Industrial 
Arts. By George Dodd. l3mo, cloth, 1 50 

VON COTTA. Treatise on Ore Deposits. By 
Bemhard Von Cotta, Freiburg, Saxony. 
Translated from the second German ed., 
by Frederick Prime, Jr., and revised by 
the author. With numerous illustrations. 
8vo, cloth, .... ... 4 00 

PLATTRER. MANUAL OF QUALITATIVE AOT) 

Quantitative Analysis with the Bu>w- 
5pe. From the last German edition. Re- 
vised and enlarged. By Prof. Th. Richter, 
o the Royal Saxon Mining Academy. 
Translated by Professor H. B. Cornwall. 
With eightynseven wood-cuts and lithogra- 
phic plate. Third edition, revised. 668 pp. 
8VO. ^oth, . . . , . . . . 5 00 

PLYMPTOR. The Blow-Pipe : A Guide to its 
Use in the Determination of Salts and 
Minerals. Compiled from various sources, 
by Georjje W. Plympton, C. E.. A. M., Pro- 
fessor of Physical Science in the Polytech- 
nic Institute, Brooklyn, N. Y. 12mo, cloth, 1 50 
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JAHMETTAZ. A GciDE To the Determination 
OF Rocks ; being »n Introdaction to Lith- 
ology. By Edward JaoDettaz, Doctenr des 
Bclenoes. Translated from the French by 
O. W. Flsnupton, Profestor of Physical 
Boienoe at firooklyn Polytechnic Institute. 
ISmo, cloth, $150 

MOTT. A Practical Treatise on Ghemibtrt 
(Qaalltative and Quantitative Analysis), 
Btoichiometry, Blowpipe Analysis, Min- 
eralogy, Assaying, Pharmaceutical Prepa- 
rations Human Secretions, Bpecillc Gravi- 
ties, Weights and Measures, etc., etc.. etc 
By Henry A. Mott, Jr., £. M., Ph. D. 660 pp. 
8vo, cloth, 6 00 

PYNCHOH. INTROMTCTION TO CHEMICAL PHY- 
SICS ; Designed for the Use of Academies, 
Colleges, and High Schools. Illustrated 
with numerous engravings, and containing 
copious experiments, with directions for 
preparing tnem. By Thomas Ruggles Pyn- 
ohon, D. D., M. A., President of Trinity Col- 
lege, Hartford. New edition, revised and 
enlarged. Crown 8vo, cloth, . 3 00 

PRESCOTT. Chrmical Examination of Alco- 
holic I4QUOR8. A Manual of the Constit- 
uents of the Distilled Spirits and Ferment- . 
ed Liquors of Commerce, and their Quali- 
tative and Quantitative Determinations. 
By Alb. B. Prescott, Prof, of Chemistry, 
Univei-sity of Michigan. 12mo, cloth, . 1 60 

EUOT AND STORER. A Comprnotous Manual 
OF Qualitative Chemical Analysis. By 
Charles W. Eliot and Frank H. Storer. Re- 
vised, with the do-operation of the Authors, 
by William Ripley Nichols, Professor of 
Chemistry in the Massachusetts Institate 
of Technology. New editloii, revised. Il- 
lustrated. 12ino, doth. • • . 1 60 
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No. 1.— On the PhtbicaI'^Basis op Lipb. By Prof. 
T. H. Huxley. LL. D., F. B. 0. With an in&oduc- 
tion by a Professor fn Yale College. 12mo, 36 pp. 
Paper covers, 36 cents. 

No. 2.— The Corelation op Vital and Phtsical 
Forces. By Prof. George F. Barker, M. D., of 
Yale College. 36 pp. Paper covers, 26 cents. 

No. 3.— As Begards Protoplasm, in relation to Prof. 
Huxle7*s Physical Basis of life. By J. Hutchin- 
son Stirling, F. B. C. 8. 72 pp., 26 cents. 

No. 4.— On the Hypothesis op Evolution, Physical 
and Metaphysical. By Prof. Edward J). Cope. 
12mo, 72 pp. Paper covers, 26 cents. 

No. 6.~SciENTiPic Addresses :— l. On the Methods 
and Tendencies of Physical Investigation. 2. On 
Haze and Dust. 3. On the Bcientlnc Use of the 
Imagination. By Prof. John Tyndall, F. B. 8. 
l2mo, 74 pp. Paper covers, 26 cents. Flex, c^oth, 
60 cents. 

No. 6.— Natural Set^ection as Applied to Man. 
By Alfred Bussel Wallace. This pamphlet treats 
(1) of the Development of Human Races under 
the Iaw of Belecnon ; (2) the Limits of Natural 
Selection as applied to Man. 64 pp., 26 cents. 

No. 7.— Spectrum Analysis. Three Lectures by 
Profs. Boscoe, Huggins and Lockyer. Finely 
illustrated. 68 pp. Paper covers, 26 cents. 

No. 8.— The Sun. A sketch of the present state of 

scientific opinion as regards this body. By Prof. 

0. A. Young, Ph. D., of Dartmouth College. 68 pp. 

Paper covers, 26 cents. 
No. 9.— The Earth a Great Magnet. By A. M. 

Mayer, Ph. D., of Stephens' Institute. 72 pages. 

Paper covers, 26 cents. Flexible cloth, 60 cents. 
No. 10.— Mysteries op the Voice and Ear. By 

Prof. O. N. Rood, Columbia College, New York. 

Beautifully illustrated. 88 pp. Paper covers, 26 

cents. 
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VAN NOSTRAND'S 

Eclectic Engineefing Magazinei 

Labob 8vo, Monthly 
Tanni, $6,00 p«r annum, in advanoe. 
SingU Copies, 50 CenU . 

FifBt Number was issued January i, 1869. 

VAN NOSTRAND'S MAGAZINE consists of Articles* 
On^nal and Selected, as also Matter condensed from all the 
jEo^QMring Serial Publications of Burope and America. 
SEVENTEEN VOLUMES NOW COMPLETE. 

Notice ^o New Subscribers. — Persons commencing their 
subscriptions with the Eighteenth Volume ( January, 1878), and 
who are desirous of possessing the work rrom its commence- 
ment, will be supplied with Volumes I to-XVII, inclusive, 
neatly bound in cloth, for ;|45.oo. Half morocco, 1170.50. Sent 
free by mail or express on receipt of price. 

NoncB TO Clubs.— An extra copr will be supplied, gratia, 
to every Club of five subscribers, at 1^5.00 each, sent in one re- 
mittance* 

This magazine is made up of copious reprints from the lead- 
iog sdentinc periodicals of Europe, together with original arti- 
des. It is extremely well edited and cannot fail to prove a 
valuable adjunct inpromoting the engineering skill of this coun- 
try.-— ^<n0 York World. ^ 

llo person intererested in any of the various branches of the 
Kpro£ess7«in can afford to be without this i 



Tlie roost useml enrineering periodical extant, at least for 
American readers.-— <7A«nioarA«uw. 

As an abstract and condensation of current engineering lite- 
rature this roasasine will be of great value, and as it is the first 
enterprise of the kind in this country, it ought to have the cor- 
dial support of the engineering profession and all interested in 
Hfchanical or scientific progresa.— i^>on A a^ 
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